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Systematic screening of surfactants for optimal protein encapsulation
Mixtures of up to four different commercially available surfactants were screened featuring nonionic, ionic, or zwitterionic head groups and different types of linear, branched, or cyclic hydrophobic tails (Supplementary Table 1 ). In the first step, more than one thousand surfactant mixtures were screened for their ability to form stable reverse micelle solutions initially in hexane (which has minimal volatility) and then in pentane in the absence of encapsulated protein (hereafter termed "empty reverse micelles"). The screen focused on surfactant mixtures having higher nonionic than ionic content, since such mixtures would be less likely to show perturbing electrostatic interactions with an encapsulated protein. Hexanol, which is typically present as a stabilizing cosurfactant in RM preparations, was not included in this initial screen in order to emphasize the propensities of the individual surfactants to form stable reverse micelles. To carry out the initial screen a small defined volume of aqueous solution, containing bromophenol blue as a visual aide, was mixed with 400 µL of hexane containing 75 mM of a given surfactant mixture. Samples were initially prepared at a molar ratio of water to total surfactant of 10 (also known as water loading or W 0 ). For those initial conditions that turned clear blue upon RM formation without forming precipitate, W 0 was successively increased until a phase separation was observed. This initial screen revealed a variety of surfactant mixtures capable of forming stable empty reverse micelles at W 0 values of 10 to 30, which are typically used for protein RM NMR. Fig. 1 ).
Comparison of the 15 N--HSQC of encapsulated flavodoxin in different surfactant mixtures to that in free aqueous solution was used to assess structural integrity.
To identify those surfactant mixtures that would provide the best performance in RM NMR we estimated the molecular correlation time τ m of encapsulated flavodoxin using the 15 N--TROSY--based (TRACT) relaxation experiment. 10 Although the 15 N--TRACT experiment systematically underestimates τ m , it provides a fast, relative measure and such estimates are designated as  τ m .
Supplementary Table 2 provides a summary of surfactant mixtures tested and the corresponding  τ m values for encapsulated flavodoxin, which were found to be between 7.1 and 13.3 ns. This systematic surfactant screen identified a binary surfactant mixture featuring 1--decanoyl--rac--glycerol and lauryldimethylamine--N--oxide (10MAG/LDAO) as the most promising surfactant system for RM NMR.
10MAG/LDAO reverse micelle sample preparation
All surfactants were purchased at the highest commercially available grade of purity and they were used without further purification, except that LDAO was desiccated by lyophilization to remove residual water. 
Specific Reverse Micelle Sample Details
The surfactant system was employed at a molar ratio of 10MAG/LDAO of 65%:35% and at a It is important to note that concentrated solutions of proteins used for direct injection do not need to be "good solutions" in the usual sense. Rather, they may be slurries. Unless otherwise Buffer conditions for proteins prepared in free aqueous solution were identical to those described above except that the pH for AK, AKR, MBP, and MSG was increased by 0.6--1.0 pH units above that of the encapsulation buffer. The pH of these aqueous samples was AKR-pH 6.4; AK-pH 7.0; MBP-pH 7.0, MSG-pH 7.0. This modification in the buffer pH was found to minimize pH--induced chemical shift differences observed between proteins in the encapsulated and non--encapsulated state. It should be noted that the pH can be set by pre--equilibriation of aqueous solutions of surfactants followed by lyophilization. 11 All aqueous samples contained 0.02% (w/v) sodium azide. τ m and spectral matching with the aqueous Flv sample and it was further developed to become the 10MAG/LDAO surfactant system described in this paper. The samples were 100 µM Flv and spectra were recorded at 25 °C at 500 MHz ( 1 H) with 48 complex points in the indirect 15 N dimension and 16 or 32 transients per FID. All spectra were processed identically.
